Procedures used for the diagnosis of bovine trichomoniasis (trichomonosis) 17 by veterinary practitioners and diagnostic laboratories include culture of clinical specimens (genital secretions from cows and bulls and fluids from aborted fetuses) and, occasionally, use of other techniques such as serology 5, 8, 23 or immunohistochemistry. 2, 20 The specificity of the culture method has been presumed to be 100%, i.e., organisms that From the Department of Population Health and Reproduction, School of Veterinary Medicine, University of California, 1 Shields Avenue, Davis, CA 95616 (BonDurant, Van Hoosear), the Instituto Nacional de Tecnologia Agropecuaria, Balcarce, Argentina (Campero), and the California Animal Health and Food Safety Laboratory, University of California, Davis, CA 95616 (Anderson) . 1 Corresponding author. meet the motility and morphologic criteria of trichomonads at the light microscope level are presumed to be Tritrichomonas foetus. 2 However, a recent report documents the presence of non-T. foetus trichomonads in smegma from virgin bulls presented for routine trichomonosis screening by culture of preputial scrapings. 4 This false-positive diagnosis, at least in virgin bulls, was based on culture of specimens in a commercially available self-contained medium a or liver infusion broth. To increase specificity, a nucleic acid detection system that could identify species-conserved DNA segments by polymerase chain reaction (PCR) was sought. Protozoan organisms such as Toxoplasma gondii, Trichomonas vaginalis, Trypanosoma cruzi, Babesia microti, and T. foetus have been detected by PCR in liquid suspensions of cultured specimens. 15, 18, 21, 22 Of these, T. gondii has also been detected in formalin-fixed tissues. 16 Recently, a PCR assay that amplifies a DNA segment in the 5.8S ribosomal RNA and internal transcribed spacer (5.8S-ITS) region of the genome of laboratory strains of T. foetus was described. [11] [12] [13] This communication reports the use of such a T. foetus-specific PCR assay to test trichomonad isolates from laboratory and field sources and to test for the presence of T. foetus in cervicovaginal mucus (CVM) of experimentally infected heifers and in formalin-fixed tissues from T. foetus-infected fetuses and heifers.
In experiment 1, T. foetus strains were isolated from naturally infected cattle from the United States (n ϭ 1), Argentina (n ϭ 7), and Costa Rica (n ϭ 4). Isolates were presumed to be pathogens based on the history of the herds of origin and the morphology and motility, as observed in unstained specimens at the light microscope level. Tritrichomonas suis and Trichomonas gallinae were obtained from the American Type Culture Collection b (ATCC catalog Nos. 30169 and 30228, respectively). Costa Rican isolates of T. foetus c were supplied under the US Derpartment of Agriculture Animal and Plant Health Inspection Service permit. Trichomonas vaginalis was kindly supplied by Dr. J. Alderete. d Frozen stock cultures were stored at Ϫ196 C in liquid nitrogen. 6 Cultures of trichomonads were grown in Diamond's trypticase yeast extract maltose (TYM) media, 10 in which 10% fetal calf serum was substituted for adult cow or steer serum. The trichomonads were harvested from the bottom of the liquid medium after 48 hours at 37 C. A 1-ml aliquot of the culture was centrifuged at 4,610 ϫ g for 5 minutes. The pellet was resuspended in 100 l of proteinase K buffer, e incubated at 56 C for 3 hours, and then incubated for 10 minutes at 95 C to inactivate the proteinase K before assaying by PCR.
In experiment 2, 4 virgin beef heifers were experimentally infected at estrus with 10 6 motile T. foetus deposited intravaginally. 3 Control virgin heifers (n ϭ 2) were housed and managed in the same facility but not infected. Heifers were killed upon reaching slaughter weight (ϳ450 kg) at week 6 (n ϭ 2), week 9 (n ϭ 1), and week 12 (n ϭ 1) after infection. Control heifers were killed at slaughter weight. Other samples, obtained from accessions to the California Animal Health and Food Safety Laboratory (University of California-Davis, Davis, CA), included archived tissues from 2 naturally infected aborted bovine fetuses and 1 pigeon. The pathologic diagnosis for both fetuses was trichomonosis based on a history of herd infertility, positive trichomonad culture of fetal abomasal fluids, and detection of trichomonad-like organisms in stained sec-tions of the lamina propria of fetal gut tissue or fetal lung parenchyma.
The final diagnosis for the avian accession was trichomonosis due to T. gallinae and was based on positive trichomonad culture of crop fluids and detection of trichomonads in stained sections of inflamed gastrointestinal tissues. After slaughter of the experiment 2 heifers, the uterine bodies of control and experimentally infected animals were carefully removed and fixed in 10% buffered formalin. Similarly, lung and gastrointestinal tract sections from the 2 T. foetusaborted bovine fetuses and intestine from the T. gallinae-infected pigeon were also fixed in formalin. Fixed tissues were routinely paraffin embedded and processed. After histologic examination, selected tissue samples were sectioned at 10-m thickness, taking care to change blades between specimens. Two sections of each tissue sample were placed in a sterile microcentrifuge tube for deparaffinization; they were rehydrated and their DNA extracted, using a commercial kit, according to manufacturer's instructions. f In experiment 3, samples of the CVM were obtained from an additional 4 heifers experimentally infected with T. foetus and from 2 control heifers, using a sterile Cassou artificial insemination sheath, as described previously. 1, 3, 7 Samples were collected just before experimental infection and at week 5 (n ϭ 2) or week 6 (n ϭ 2) after infection. An aliquot of CVM from each animal was immediately inoculated onto TYM medium, and the remainder was treated as follows: 1 ml of CVM was dissolved in 1 ml of PBS plus 600 l of 5% DL-dithiothreitol, g and the liquefied CVM was frozen at Ϫ70 C until assayed by PCR. On thawing, DNA was extracted from 400 l of CVM, using the same kit as that used in experiment 2.
For all processed samples in experiments 1-3, a PCR assay was performed in a thermal cycler, h using 2 commercially available oligonucleotide primers specific for the 5.8S-ITS region of the T. foetus genome. i Primer sequences used were primer TFR3, 5Ј-CGGGTCTTCCTATATGAGACAGAACC-3Ј, and primer TFR4, 5Ј-CCTGCCGTTGGATCAGTTTCGT-TAA-3Ј. [11] [12] [13] Reaction mixtures (50 l) contained the following: 5 l GeneAmp PCR 10ϫ buffer, 2 U Taq polymerase, 100 M of each deoxyribonucleotide, 10 pmol of each primer, and 3 l of the DNA sample. The PCR assay included 40 cycles of denaturing at 94 C for 30 seconds, annealing at 67 C for 30 seconds, extension at 72 C for 90 seconds, and final extension at 72 C for 15 minutes. Deoxyribonucleic acid bands were detected by electrophoresis of 20 l of PCR mixture on 2% agarose gels and staining with ethidium bromide. Nucleic acids from isolates of pathogenic T. foetus (D-1 strain), as well as isolates from other outbreaks of trichomoniasis, were used as positive con- In experiment 1, amplicons of the expected size for T. foetus (347 bp) were observed in 12 of 12 cultured isolates from field/survey cases, as well as for the ATCC strain of T. suis (representative data shown in Fig. 1) . In contrast, the T. vaginalis and T. gallinae isolates produced negative results in the PCR assay.
In experiment 2, formalin-fixed uterine samples from 4 of 4 experimentally infected heifers yielded positive PCR results, whereas fixed endometrial sections from 2 of 2 controls produced no detectable am-plicon. In addition, gut or lung tissues from 2 of 2 aborted fetuses showed positive PCR, whereas tissues from the pigeon were negative in PCR assay (Table 1 ; Fig. 2) .
In experiment 3, CVM samples collected at week 5 (n ϭ 2) or week 6 (n ϭ 2) from the 4 experimentally infected animals yielded positive PCR results. Time-0 samples were all negative, as were CVM samples from the 2 controls (Table 2 ; Fig. 3 ).
Although the primers used in this study have been shown to detect T. foetus DNA in incubated culture media, this is the first report, to the authors' knowledge, of the use of this method to detect the parasite's nucleic acid in fixed tissues or CVM. As others have shown, there was conservation of the 347-bp amplicon in all cultured T. foetus isolates tested. Sequence analysis of the 347-bp amplicon from representative T. foe- tus isolates obtained from bulls in North America has shown uniformity to date. 26 Moreover, the same band was evident in all CVM samples and formalin-fixed uterine tissues of known infected heifers. The same procedure performed on an ATCC strain of T. suis also yielded positive PCR results. Recently developed morphologic, metabolic, protein/antigenic, and genetic evidence suggests that T. foetus and T. suis are the same species. 11, 12, 14, 25 Sequence similarity at or near 100% has been shown for the 2 protozoa at both the 16S ribosomal RNA gene and 5.8S-ITS regions, although other tritrichomonadid species, including Tritrichomonas mobilensis, also showed near identity at the 16S site, suggesting that this group of organisms may have recently evolved. 11, 25 The positive PCR results for T. suis obtained in this study and others are consistent with identity between T. foetus and T. suis, although a larger number of isolates of each need to be tested before such an identity can be accepted. The PCR test serves as a complement for the culture test and becomes the alternative option in cases when the identity of the parasites is in doubt when using the regular culture technique. Indeed, it was the occurrence of ''positive'' cultures from highly doubtful sources (i.e., from known virgin bulls) that first indicated reduced specificity of the culture diagnostic method. 4 The diagnostic sensitivity of the culture method for T. foetus isolation has been repeatedly estimated at 81-90% for bulls and somewhat lower for females. 2 The biological sensitivity of PCR assays for T. foetus can be impressively high because at least 1 group has demonstrated the ability to detect as few as 5 organisms in culture medium. 19 This study suggests that a highly specific and sensitive test can detect ''true'' T. foetus not only in inoculated culture media but also in genital fluids (e.g., CVM) and formalinfixed tissue as well. It is important to note that this assay can lead to false-negative diagnoses, especially if there is insufficient DNA applied to the gel. An additional pair of less-specific primers (i.e., primers that amplify a portion of the 5.8S-ITS region in a wide variety of trichomonad species) can be used as a procedural control, i.e., it will be ''positive'' if there is DNA on the gel from essentially any type of trichomonad, whereas the 347-bp band will only be present when the true pathogen, T. foetus, is amplified with TFR3/TFR4. [11] [12] [13] This 2-step PCR was recently used to identify trichomonads isolated from the prepuces of bulls in Argentina as non-T. foetus trichomonads. 9 The PCR assay would seem to represent a significant improvement in diagnosis in the female, whose ability to clear the organism from the vagina within 6-12 weeks of infection can hamper herd-level diagnostic efforts, that is, trichomoniasis is often not suspected until the time of pregnancy diagnosis, typically 4-7 months after exposure, at which time culture of CVM is usually nonrewarding. 24 With the results of this study, specific diagnoses may be more readily obtained from culled females or their fetuses, in which detectable parasitespecific DNA is still present in the uterus or gastrointestinal and respiratory tracts, respectively. Therefore, PCR should be considered a reliable, rapid, inexpensive, and specific method of identification of T. foetus in cultures, CVM, and formalin-fixed, paraffinembedded material. Its actual diagnostic sensitivity (number of positive tests/number of true positive samples) remains to be determined in studies with a larger sample size.
